The nucleophilicity of the nucleobase cytosine has been investigated by polarographic studies complemented by fast reaction kinetic data .Increasing half-wave potentials with pH are observed for the bio-molecule using the dropping mercury electrode (DME).The bromination of the nucleobase in aqueous solution is found to be a rapid reaction necessitating a special technique to follow the kinetics .Herein we have adopted the hydrodynamic voltammetry technique. The reaction is found to be of the second order, the specific reaction rate of which increases with pH .The complementary data in the two-pronged study reveals the reactivity of the nucleobase in this aromatic electrophilic substitution reaction in aqueous medium on a quantitative scaffold.
INTRODUCTION
Nucleic acids are important components of living cells as they store and transmit hereditary information from generation to generation 1-2 . Nucleic acids are polymers of polynucleotide chains 3, 4 and each monomer in the nucleotide in turn consists of a sugar phosphate backbone and a heterocyclic nitrogenous base which is either a purine (adenine, guanine) or pyrimidine(cytosine, thymine and uracil) 4, 5 . These nitrogenous bases are important as per their function in genetic coding 5, 6 It is important to study their functions and behaviour in living systems because of their role in ORIENTAL JOURNAL OF CHEMISTRY www.orientjchem.org . Attempts to study them by various techniques are in progress. Of these,voltammetry has an important role 7, 8, 9 . Nucleic acids were first determined by Palecek using the Polarographic technique by the dropping mercury electrode (DME) 10 . It is seen that only a few of the nitrogenous bases were electroreducible at the (DME) 11 Presently we have adopted a two-fold approach to explore the reactivity of some nucleobases at the (DME) versus the saturated calomel electrode (SCE) and have studied the effect of pH on the redox propensity of these bases.
Further, we have studied the kinetics of bromination of cytosine using a special methodhydrodynamic voltammetry 12, 13 which is a voltammetric method in which a rotating platinum electrode is used to monitor the fall in concentration of molecular bromine in aqueous medium. This special technique was necessitated in view of the rapidity of the bromination reaction of the nucleobase.
Halogenations of these nucleobases is of significance in drug chemistry because halogenated heterocyclic nucleobases have an important role as antiviral, antibacterial, anticancer drugs either singly or as a motif of precursors of drug molecules 14, 15, 16 Such reactions have been studied in the past using different methods in different reaction mediums but studies in purely aqueous medium at 7 pH without any catalyst seem lacking presumably due to the rapidity of these reactions under these conditions.
EXPERIMENTAL

Materials and Instruments
A R Grade cytosine was purchased from Himedia India. Doubly -distilled water was used for the preparation phosphate, acetate and borate buffer solutions and cytosine. D.C polarograph from Elico Model L1-10T and Digital pH meter from Equiptronics Model EQ-610 was used.
Polarographic measurements
5×10 -5 M solution of cytosine was prepared and buffers were added to it along with100 fold KNO 3 , as the supporting electrolyte. Freshly prepared 0.004% gelatine was also added.25 ml of each solution was placed in a glass beaker covered with a glass lid and nitrogen gas were passed through the solution for 10 minutes to remove the dissolved oxygen from the solution which was then transferred to the polarographic cell with three electrode system having DME cathode, SCE anode and platinum electrode as the reference electrode. The drop rate was regulated to 22 drops per minute. 100-1400 mV potential was applied to this electrode system and the diffusion limited nano current was measured. Cytosine was reduced at the dropping mercury electrode. The instrument sensitivity was 100 nA/division and span rate 150 mV/minute. The polarogram obtained indicating the half-wave potential for the cytosine at pH 6 in aqueous medium is typically shown. 
Polarographic results
The half-wave reduction potential for cytosine was observed to be 1100 mV. There is a pronounced effect of pH on the half-wave potential of the nucleobase. The polarogram of the reducing species was obtained at different pH values in the aqueous solution it was observed that with increase in the pH of the solution the half-wave potential shifts to more negative values as indicated by the graph. The polarograms were obtained between the pH range 4 -7 by using acetate buffer for lower pH and phosphate buffer for higher pH values. After completing the effect of pH we determined the sensitivity of the DME to detect the concentration of cytosine in aqueous medium and this value was found to be 2.5×10 -4 M Below this concentration it was not possible to detect any reduction peak of the cytosine in the aqueous medium. This corresponds to the sensitivity value reported in literature but for glassy carbon electrode.
Halogenation of cytosine
Halogenations of cytosine in aqueous medium by molecular bromine is fast reaction . To study the kinetics of this reaction we have employed a special technique hydrodynamic voltammetry 12,13 17 .
Materials and instruments
Cytosine base was purchased from Himedia India, molecular Br 2 was prepared in laboratory by diluting concentrated bromine in doubly-distilled water. The concentration was determined by iodometry. KNO 3 , moving coil galvanometer, potentiometer, platinum electrode rotating at 600 rpm by a synchronous A.C motor and buffers to maintain the pH were also used.
Calibration of the diffusion current
The diffusion current was calibrated by preparing different concentrations of Br 2 in water with added buffers and the supporting electrolyte .These solutions were kept in the reaction cell and the galvanometer deflection were observed.
Kinetic measurements
3×10 -5 M solution of both Br 2 and cytosine with the added buffer to maintain pH at 7 and 100 fold KNO 3 as supporting electrolyte were kept in thermostat in two different stoppered bottles. 50 ml of Br 2 solution was transferred to reaction vessel of 250 ml capacity kept in the same thermostat. The galvanometer deflection was set to around 40 cm by the shunt. Then 50 ml of cytosine solution was added to the reaction mixture and immediately a stop watch was started the fall in the concentration of Br 2 in terms of the galvanometer deflection was observed at every 10 seconds. This was repeated at different temperatures also. The graph of [Br 2 ] -1 versus time in seconds was plotted the experiment was repeated at 6.8 pH and 7.2 pH. 
Halogenation results
The graph between [Br 2 ] -1 and time in seconds was a straight line hence the reaction was concluded to follow second order kinetics 8 .The specific reaction rate and other reaction parameters at 28 0 C and pH 7 were calculated from the Arrhenius plot The mechanism of the reaction may be proposed as .
CONCLUSION
The polarographic half-wave carried out in the range 4 to 7 pH elucidates that at higher pH the half-wave reduction potential shifts to more negative potentials for aqueous cytosine solutions. This indicates greater nucleophilicity of the nucleobase at greater pH values implying that the nucleobase undergoes more rapid electrophilic substitution at greater pH values . This fact is borne out complementarily in the rapid kinetic study by hydrodynamic voltammetry wherein the bromination of cytosine in aqueous medium at 7.2 pH proceeds faster than at 7 pH which in turn proceeds faster than at 6.8 pH .The nucleobase at 7.2 pH is as expected more reactive in the electrophilic substitution bromination reaction than at a lower pH.
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